A second important mechanistic aspect of this vibrationally induced reaction, the reaction pathway in the cryogenic environment, will be discussed in the light of the observed isotopic selectivity, and product branching ratios of the C 2 H4+F 2 and C 2 H2 D2+F, reactions.
II. Experimental
Apparatus and experimental techniques have been described in I.
Briefly, separate C 2 H4/N2 and F 2/N2 mixtures were simultaneously deposited from dual jets onto a 12K cooled CsI window at a total deposition rate of 1 niiol per hour. Deposition times were 4-11 hours. Reactant depletion and product growth was followed by infrared spectroscopy, using a Nicolet FT-ZR spectrometer (model 7199) at 0.24 cm 4 resolution. In most experiments, spectra were recorded over a period of 10 minutes once every 60 minutes.
For photolysis, the cold window was rotated by 900 and exposed to laser radiation entering the cryostat through a NaCl window, as shown in Fig. 1 of reference 2. Homemade cw CO 2 and cw CO lasers, and a continously tunable cw F-center laser (Burleigh, model FCL-10) was used for irradiation. The F-center L.iser had output between 2950 and :350 cm 4 at intensities between 5 and 80 m ci , and was pumped with 800-1000 mW of the two red emission lineof a Xr ion laser (Coherent, model CR750K), or 3.5W of the 514.5 nm green enOssion line of an Ar ion laser (Coherent, model CR8), depending on which F certer crystai was being used. Irradiation times were 4-6 hrs for kinetic measurements.
/ Fluorine (Matheson, 98%) was used without purification, except that the fluorine-matrix gas mixture was passed through a stainless steel coil inmersed in liquid nitrogen placed in front of the cryostat. Ethylene (Matheson, 99.98%), 1,1-dideutero ethylene (Merck, Sharp and Dohme, 98%), cis-1,2-dideutero ethylene (Merck, Sharp and Dohme, 98%) and f a 3 trans-1,2-dideutero ethylene (Merck, Sharp and Dohme, 98%) and nitrogen (Matheson, oxygen free) were used without further purification. Acetylene (Matheson, 99.6%) was purified by two trap-to-trap distillations.
III. Results
V . profile study
In a series of experiments summarized in Table I , the loss of absorbance of C 2 H4 'F 2 pairs in case of the CM stretching mode was determined as a function of both the laser irradiation frequency within the absorption profile, and the ethylene concentration. Fig. 1 shows the erosion of v after irradiation of matrices C 2H4/F 2/N 2 -1/1/100, 1/6/600 9 and 1/12/1200 at two different positions, 3110 cm 4 and 3105 cm 4 , for 4.2-5 hours. Each irradiation experiment was done with a separate matrix.
Clearly, the absorbance profiles of those C 2 H4 'F 2 pairs and (C2H4 ) 2 .F 2 clusters which were used up by chemical reaction upon Irradiation at 3110 cm 4 , obtaied fran canputer calculated differences of the spectra before and after 'aser irradiation,, sharpen with decreasing ethylene concentratin. Among the 3 different .spectra of the first column in Fig. 1 , only the one obtaired from the matrix with the lowest ethylene concen'ration, C 2 H4/F2 / 2 -1/12/1200, shows coincidence of the peak of "he reactve pair, absorption with the laser irradiation frequency at 3110 cni' 1 .
Ccmparisor, of the difference spectra of the same row discloses distinctly different profiles or peak frequencies for the absorption of the reactive pairs depleted upon irradiation at the two laser frequencies, 3110 and 3105 an These observations suggest that the absorption of the depleted ethylene fluorine pairs is inhomogeneously broadened in case of matrices C2 H4/F 2 /N 2-1/1/100 and 1/6/600. Because the reactive pair absorption of overlaps considerably with the absorption of ethylene monomers and dimers, It Is not evident from Fig. 1 
Isotopic selectivity
In a second series of experiments described in Table II, isotopic selectivity of the ethylene-fluorine reaction in N 2 matrices was studied for mixtures of C 2 H 4 with various dideutero ethylenes. In addition, acetylene was vibrationally excited in a matrix containing C 2 H4 •F 2 pa's.
In each experient, one reactant was selective vibrationally excitea at a frequency well separated from an absorption of a second (isotope molecule present in the matrix, and then a search was made for infrared product absorptions due to reaction between F 2 and the polyatomic which was not OPticallY excited by the laser.
A. HCECH/C 2j/F 2 System Infrared spectra of matrices HCCH/N 2 -'1/50 and 1/400, and HCCH/F 2/N2-1/1/100 were taken in order to determine absorptions of Isolated and aggregated acetylene, and of HCECH•F 2 pairs, in particular in the asyninetric CH stretching region around 3300 cm 4 . Isolated acetylene molecules were found to absorb at 3282.4 cm, whereas shoulders at 3281.0, 3269.0 and3257.9cm 4 were assigned to HCECH dimers and possibly polymers.
No distinct V 3 absorption band of HC!CH' F 2 pairs could be found, but the shape nf the absorption profile of V 3 in matrices HCECH/F 2/N 2-1/1/100
Indicated that the pairs absorb around 3278cm 1 v 3 of acetylene in matrices HCCH/F 2/N 2 -1/1/100 was irradiated for periods of 30 minutes at 3280.1, 3279.0 and 3278.1 cm 4 , respectively, in order to check whether reaction between acetylene and fluorine could be induced by infrared laser light. No new absorption could be found after irriditiin despite careful search in the spectral regions where possible products, cis and trans CHF=CHF, FCCH and HF are expected to absorb. In this experiment, 2.1-2.3x10 7 photons scm 2 were absorbed by acetylene molecules. v of HCCH in matrices HCCH/C 2 H4/F 2/N2-0.1/1/1/100 and 0.5/0.5/1/100 was then irradiated with the F-center laser under conditions specified in Table II, and evidence for vibrational energy transfer to nearest neighbor or distant C2H4 •F 2 reactive pairs was sought by folinwing the growth of gauche and t.rans 1,2-difluoroethane, vinyl fluoride and HF product absorptions. No growth of thee' products upon irradiationof acetylene was observed.
Irradiation of v of acetylene was followed in both experiments by an. equal period of Irradiation of v of C 2 H 4 at 3106 cm 4 in order to put a limit on the relative etfectiveness of direct excitation of V of C 2 H4 , and energy transfer from of HC!CH to C 2 H4 in promoting reaction. Considering power levels, absorbances and exposure times at each frequency in case of the experiment HCCH/C 2 H4/F 2 /N 2 O.5/O.5/1/1oo, we find no product absorption after the sample had absorbed 3.4 times as many 3280 cm' photons as were Table III .
All experiments were done under identical conditions, in particular the matrix teniprature during laser irradiation was aiways kept at 12K.
However, in some experiments the temperature of the cold CsI window was held at 15.5K during deposition of the matrix. Two photolysis experiments done at 3105 cm, one with a matrix deposited at 12K, the other one at 15.5K, gave branching ratios b9 and bt which differed by approximately a factor of two. On the other hand, Table III shows that for fixed deposition temperature, the branching ratios are the same within the experimental uncertainty, for all irradiation frequencies. These findings suggest that neither the nature of the excited vibrational transition, nor the energy per infrared photon affects the branching ratio between stabilization of the ethyl ene-fl uorine addition product, and elimination of HF. Howeer, it appears that the product branching is significantly
Influenced by the temperature of the matrix during the condensation process.
--- elimination can occur. In contrast to the reacton of the parent ethylene molecule, only incomplete assignment of the observed product bands could be made in case of the C 2H 2 02+F 2 reactions, because no reference infrared spectra were available for any of the expected partially deuterated 1,2-difluoroethane products. Therefore, our quantitative study of product branching was limited to the elimination pathways, and comparison of intensities of elimination product absorptions was made in the HF, DF, ard in the C=C stretching region, i.e. in sp€ctral ranges free of possible difluoroethane absorptions.
B. systems

c!222
Frequencies and integrated absorbancs for HF and DF, and for proauct absorptions in the C=C stretching region are listed in ci!, trans -CHD=CHD+F 2 Table V shows frequencies and intensities of HF, DF, and of product absorptlons observed in the C=C stretching region. As Indicated in Table II of reference I, cis and trans CHD=CHD are expected to lead to the same x or øa elimination products, and is indep2r1ent,-within the experimental uncertainty, of laser irradiation frequency and precursor CHD=CHD istmer, namely 2.3+0.1 for trans-C 2H 2 D2+F 2 , and 2.1+0.2 for cis-C 2H 2 D2 +F 2 . The substantial loss of absorbance 5-10 cm 4 below the laser Irradiation frequency at 3110 cm 4 , which was observed at the two concentrations C 2H4/F 2 /N 2 -l/l/l00 and 1/6/600, but not at 1/12/1200, implies that significant depletion of C 2H 4 •F 2 pairs which did not absorb laser light, occurred at the two higher ethylene concectrations. The same conclusion is reached when comparing the shapes of the two curves displayed in Table I ).
The With a density of substitutional sites of 2.5x10 crn', and an .umed lifetime of one psec for .v 9 , v=1 excitt1on, eq. (3) gives 97 hops fr C 2H4/F 2/N 2 -l/l/l00, 18 hops in case of 1/6/600, and 9 hops for C2H4/F2/Nrl/12/1200. The prbduct of the number of hops*and the fraction of the sites at distance R°, occupied by a C 2H 4 •F 2 pair, gives a clue as to whether averaging of the v excitation among isolated C 2 H 4 molecules is complete or not at a given ethylene concentration. At the highest concentration, C 2H4/F 2 /N 2 -1/1/100, the calculated number of hops suggests that every migrating quantum samples the shortest and least probable, but *N rather than 'N is more appropriate in this case because the average distance between isolated C 2 H 4 molecules is larger than the diameter of second nearest neighbor shells. .
for energy transfer most important C 2H4 -C 2H 4 'F 2 interaction R = 5.64 at least once during the time t, because this product is much larger than one.
In contrast, at C 2H4/F 2 /N 2 -1/12/1200, energy diffusion is almost certainly not fa.t enough to ensure that each migrating v 9 quantum encounters the shortest possible separation to a C 2H 4 •F 2 pair at least once during its lifetime, because now the product is considerably smaller than one.
Although the assumption of 1 usec for the excitation of v is somewhat arbitrary, this calculation suggests that a transition occurs from the fast migration regime at the concentration C 2H4/F2 /N 2-1/i/100 to incomplete averaging of the v 9 excitation among isolated C 2H4 molecules at 1/12/1200. This is consistent with the observed sharp decrease of depletion of C 2H 4 •F 2 reactive pairs which did not absorb laser radiation upon a twelvefold decrease of the ethylene concentration. because not nearly enough photons were absorbed by CH 2CD2 which wld nave been needed to detect energy transfer as efficient as observed in case of the t-C 2H 2 02/C 2H4/F 2 /N 2 system.
• Our finding that energy transfer between v of HC!CH at 3280cm 1 and C 2H4 with its closest infrared active band at 3106 cm is at least two orders of magnitude less effective than direct excitation of v 9 of C 2H 4 in a matrix HCCH/C 2H4/F 2 /N 2-O.5/O.5/1/1OO is consistent with the fact that the energy gap of lThcm' falls well outside the phonon spectrum of N 2 . At least 3 bulk phonons (or 2-3 local phonons) are needed to match this energy difference, implying a drastic decrease of the rate of non-resonant energy transfer i n comparison with the C 2H 4/C 2H 2 D2/F2/N 2 systems. It is interesting to note that even energy exchange between nearest neighbor HCECH and C 2 H 4 molecules did not occur detectabl.y, since no growth of products due to reaction of HC!CH•C 2H 4 •F 2 clusters could be observed.
Product distribution and reaction mechanism
The observation that the particular C 2 H 4 vibrational which induces the reaction has no influence on the branching between vinyl fluoride and HF, and gauche and trans 1,2-difluoroethane, is consistent with our earlier conclusion that the product branching occurs by elimination of HF from a vibrationally excited, electronic ground state 1,2-difluoroethane molecule The lack of product reference infrared spectra in the case of the reactions of the dideutero ethylenes with fluorine did not allow us to verify the appearaice of the particular stereoisomers of dideutero-1,2-diflu'iroethane molecules predicted in Table II of reference I on the b'sis of a. stereospecific four center cis addition of F 2 rross the ethylene double bond. Cis addition of F 2 In the case of cis-OHD=CHD is expected to lead to two conformational isomers of CHi-CHDF, whereas for trans-CHD=CHD three different stereoisaners are predicted, each again displaying a separate infrared spectrum. This suggests that even without assignment we ought to be able to recognize stereospecificity, in principle, by looking for differences in frequencies and intensities of product absorptions of t-CHD=CHD+F 2 and c-CHD=CHD+F 2 between 1500 and 400 cm 4 , the spectral range where CHDF-CHDF deformation and skeletal stretching modes are expected to absorb. Unfortunately, no growth of the sharp absorption bands of 
S.. 
("4 C4 (') ('4, aEstimates made on basis of integrated absorbances of the following bands, determined from computer ca1cu1aed difference spectra: VF•E•HF: 1139.4cm t-DFE•E: 1041.2cm; -DFEE 1088.Ocnr 1 (see reference 2). Details of each laser irradiation experiment are described in Table I of this paper, and in Table I o +) 
